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Figure 1: BeatMohan’s Symphony gameplay interface

Abstract
BeatMohan’s Symphony is a 2D musical game environment de-
signed to scaffold pattern-based music organization through live
coding. The work is grounded in a tradition established by Jeanne
Bamberger, whose music pedagogy techniques emphasize active
engagement with musical structures to support the development
and refinement of learners’ mental models for music making.

We translate this experience design learning framework into
a goal-directed musical game in which pattern-based live cod-
ing functions as both the primary musical interaction and the
core gameplay mechanic. The 2D character, BeatMohan, visually
anchors the musical events. Learners modify code to guide the
character’s movement in response to spatial and rhythmic con-
straints presented at each level. The game’s modular architecture
is intended to allow educators to foreground specific aspects of
pattern-based music organization.

This paper presents the design rationale and implementation
of BeatMohan’s Symphony. We report on a preliminary qualita-
tive analysis of user feedback, examining whether learner inter-
actions align with the intended pedagogical framing. Through
gameplay observations and post-activity interviews, we analyzed
how participants interacted with the environment, interpreted
constraints, and responded to in-game feedback when organiz-
ing rhythmic patterns through code. Our analysis suggests that
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the system provides a context for eliciting and observing the
development of musicality within a short gameplay session.
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1 Introduction
Modern text-based interfaces for live coding offer musicians a
precise and concise means to define and manipulate musical pat-
terns. In live coding systems such as TidalCycles and Strudel,
musical patterns are defined as abstract, time-based structures
that describe when musical events occur [16, 30]. Musicians use
these systems in performance contexts to write code that is in-
terpreted in real time to generate musical patterns. The music
then evolves through iterative modifications of the code—live,
in front of an audience [16, 18]. For novice learners, educational
text-based live coding interfaces provide a medium to render
musical thinking in code. They are designed to scaffold the ab-
stract vocabulary of writing music in code and have proven to be
effective music learning platforms as they support iterative exper-
imentation where modifications to the code result in immediate
aural feedback [6]. BeatMohan’s Symphony adopts pattern-based
live coding as the core mechanic for an educational 2D puzzle
game. Players write short musical patterns as code into an editor
console, which animates a 2D character 𝐵𝑒𝑎𝑡𝑀𝑜ℎ𝑎𝑛, who moves
across a grid map that resembles a rhythmic sequencer. Each level
represents a rhythmic puzzle that must be solved by encoding
an appropriate musical pattern in code.
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This work is informed by Jeanne Bamberger’s seminal music
education research and the experience design framework, which
emphasizes that the design of interactive environments must
support learners’ musical thinking through direct manipulation
of musical structures (patterns of rhythmic and/or melodic el-
ements) [4]. Central to this framework is the principle that en-
gaging with multiple representations for musical structures can
lead to a deeper musical understanding; BeatMohan’s Symphony
presents rhythmic patterns as manipulable code alongside a vi-
sual sequencer-like puzzle map, in which character motion is
directly coupled to pattern evaluation. Together, these represen-
tations are intended to support exploration and the development
of what Bamberger terms musicality — the ability to listen for,
recognize, and organize musical structures in order to create new
ones [1].

In this paper, alongside the system’s design, we present a pilot
qualitative study to examine how novice participants learned
to structure rhythmic patterns after a short play-through of the
game. Participants progressed through a sequence of game lev-
els designed to scaffold the representation of simple rhythmic
patterns in code, followed by post-activity interviews and a free-
formmusic improvisation task using a four-voice drum sequencer.
Throughout these activities, we analyzed how the learners inter-
preted the gameplay constraints, responded to in-game feedback,
and reasoned about timing, repetition, and layering—structural
components that directly inform the interpretation of rhythm
[10].

The paper is structured as follows: We first detail the related
works that served as design motivations and inspiration for the
representational choices and interaction mechanics underlying
BeatMohan’s Symphony. We then describe the implementation
of the system and outline the qualitative methodology used to
examine whether these design decisions achieve their intended
pedagogical outcomes. We position this work as an early-stage in-
vestigation into the system’s capability to surface specific mental
models for organizing rhythmic patterns through code, establish-
ing BeatMohan’s Symphony as a platform that will support future
research into pattern-based musical learning with live coding.

2 Related Works
The design and implementation of BeatMohan’s Symphony is in-
fluenced by existing visualizationmodels of live coding inmusical
spaces, the pedagogical techniques outlined by the Experience
Design framework, and gamified music-learning platforms.

2.1 Visualization of Live Code in Music
Education

Over the past decade, numerous languages and environments
have been developed to support text-based live coding, with
techniques and tools continually evolving to support broader
participation within the community [3]. Educationally oriented
live-coding environments such as Sonic Pi, Jython Music, and
Gibber adopt simplified musical notations that allow novices
to create, modify, and investigate abstract musical structures
with immediate auditory feedback [14, 26, 28]. However, for a
non-programmer looking at the code alone to make sense of the
musical logic and structure is challenging. Many systems inte-
grate visualizations that are responsive to the musical patterns
to expose the internal processes of live code and connect it to the
music during a performance, thereby enhancing interpretability
for non-programmers [15]. Web-based live coding environments

such as Gibber and Strudel also offer a secondary syntax that
highlights elements of the code to serve as parallel representa-
tional layers communicating how music generated by the code
unfolds over time [28, 30].

Beyond direct visualization of the music, agent-based ani-
mations offer an alternative strategy for representing musical
processes through character movement within a spatial environ-
ment [29]. Early examples, such as Griffiths’ *Al Jazari*, allowed
users to control robots moving across a 3D terrain to complete
loops that trigger audible musical patterns, with thought bubbles
illustrating the commands guiding their actions [8]. Such systems
externalize temporal processes through synchronized movement,
providing spatial metaphors for musical patterns along with the
logic underlying them.

BeatMohan’s Symphony is developed as an educational live
coding game environment inspired by platforms such as Sonic
Pi and EarSketch, which have been shown to provide a posi-
tive and impactful introduction to live coding for novices. They
have also proven effective in fostering engagement among broad
communities [7, 26]. While these platforms primarily emphasize
code-to-sound interaction, BeatMohan’s Symphony explores live
coding within a goal-directed, puzzle-based environment where
the visual constraints of solving the puzzle shape the resulting
rhythmic pattern. The game is built upon the Strudel live coding
engine, borrowing its mini-notation and syntax highlighting to
support code interpretation. We combine Strudel’s secondary
syntax visualizations with musically synchronized movements
of a 2D character to provide additional representational layers
that support pattern organization through comparison, linking
symbolic code to the evaluated audio and animated rhythmic
events.

2.2 Experience Design Framework
Seymour Papert’s theory of Constructionism proposes that learn-
ers build knowledgemost effectively by creating artifacts through
active engagement with tools and media relevant to their domain
[22, 24]. Influenced by Constructionism, Jeanne Bamberger inte-
grated computing technologies into music education research,
enabling novices to engage with simple musical structures of
rhythm and melody in ways that draw on their intuitions to
support the development of musicality [1, 4].

These systemswere further treated as epistemic tools, allowing
researchers to investigate how learners develop an understanding
of musical organization through structured activities embedded
within software environments. Observations of learner interac-
tion with the system were paired with situated conversations
following the activities, in which participants articulated and
reasoned through their musical choices and the system’s output.
These discussions supported learners’ musical understanding
and contributed to researchers’ investigation of how musical rea-
soning developed through interaction with the system. Analysis
of interaction data and post-activity conversations informed the
iterative refinement of Bamberger’s music education systems
MusicLOGO and Impromptu [2, 4].

AndrewBrown formalizes this iterative, practice-ledmethodol-
ogy as Experience Design, comprising three intertwined activities:
(1) designing musical tasks aligned with specific learning goals,
(2) developing interactive software to support those tasks, and (3)
observing learners engaging with the system to guide ongoing re-
finement. A canonical example of this approach is his generative
improvisation system jam2jam [4].
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BeatMohan's Symphony adopts this lineage by translating the
Experience Design framework into a puzzle game that sca�olds
writing code to represent rhythmic patterns. Bamberger argued
that computational representations can serve as cognitive tools
for musical thinking, enabling learners to externalize, test, and
revise their intuitions about musical organization through writ-
ing code and re�ection on evaluated audio [2]. BeatMohan's
Symphony intentionally foregrounds learning goals related to
rhythmic timing, repetition, layering, and groove organization,
all within the constraints of the Strudel live coding engine. In
alignment with the Experience Design framework, our qualitative
methodology aims to observe how learners engage with the game,
and we examine their interactions and post-activity re�ections
to understand emerging mental models for representing rhythm
through code. Our analysis identi�es which elements of the sys-
tem support their understanding, and we use these insights to
guide iterative re�nement of the design.

2.3 Game-Based Learning and Musical
Interaction

In contrast to the open-ended musical environments of Impromptu
and Jam2Jam discussed above, BeatMohan's Symphony embeds
musical activities within goal-directed gameplay, using puzzle
constraints and structured level progression to focus attention
on speci�c learning goals. The gameplay provides a context for
engaging in musical tasks, while the level progression sca�olds
each rhythmic concept and its representation in code. This inte-
gration of musical activity within a game structure positions the
system within broader discussions of game-based learning and
musical interaction. Game-based approaches in music education
have been shown to support learning across notation, rhythm,
performance, and composition, often without requiring learners
to explicitly focus on formal instruction [12].

Many music games embed musical concepts directly within
gameplay mechanics, allowing understanding to emerge through
repeated interaction and problem-solving rather than through
explicit theoretical explanation. For example, in the game Mario
Paint, the Composer mode presents composition as a spatial
puzzle in which symbolic musical events are placed on a grid,
encouraging reasoning about timing and sequence through play-
ful construction [21]. Rhythm-based games such as Beat Saber,
Just Dance, and Fitness Boxing emphasize timing, anticipation,
and coordination, supporting implicit learning and transfer in
areas such as rhythmic perception and sensorimotor synchro-
nization [11]. Other systems, including Rocksmith and Song2See,
integrate physical instrumental performance directly into game-
play, where musical skill development emerges as a byproduct
of goal-directed interaction and immediate feedback [25].

Inspired by musical games and learning through play, Beat-
Mohan's Symphony leverages goal-directed gameplay to engage
learners in musical activities through problem solving. Puzzle
constraints and level progression provide a structured environ-
ment to revise the code, not solely for the purpose of making
music but within the context of solving in-game challenges. In
this paper, we examine how this game-based context functions
within the broader Experience Design framework and whether
embedding musical tasks within gameplay introduces a distinct
layer of engagement that shapes how learners interact with and
reason about the musical activity.

Figure 2: Interface of BeatMohan's Symphony, showing
the animation panel (top:1) and the live-coding console
(bottom:2).

3 Interface Design
The interface of BeatMohan's Symphony consists of two primary
components, shown in Figure 2:

(1) The animation panel, which displays the puzzle layout,
in-game instructions, BeatMohan's movement, remaining
lives, and coin progress.

(2) A live-coding console through which users interact with
and manipulate rhythmic patterns.

3.1 Animation Panel
The visual aesthetics and interaction style of the animation panel
draw inspiration from 8-bit platform and puzzle games such as
Donkey Kong, Super Mario Bros., and Baba Is You [19,20,23]. These
games are characterized by simple rules and spatial constraints
that govern character movement, where incorrect or mistimed
actions often result in collisions that interrupt gameplay and
trigger a reset, prompting players to reassess their strategy.

Mohan's animations are con�ned to a grid which resembles a
step-based drum sequencer. Each horizontal tile corresponds to
a position in the rhythmic cycle. When an onset is heard, Mohan
moves to the corresponding tile. If that tile contains a coin, the
beat continues; if the onset corresponds to a lava-lion, the beat
is interrupted and Mohan is reset to the start, signaling that a
rest should have been placed at that position. In Figure 2 the
character's movement is synchronized with the playback of the
kick.

Each level is de�ned by a structured JSON object that speci�es
three primary elements:

� The starting code state.
� The target rhythmic pattern (encoded as an array of sym-

bolic onsets and rests).
� The visual layout of the puzzle, including instruments,

coins, lava-lions, and the goal �ag.

The top panel also displays gameplay status information, in-
cluding the number of coins collected, Mohan's remaining lives,
and overall level progression. In this iteration of the game, there
are no penalties for reaching 0 lives; instead, we provide a leader-
board to showcase how many lives were saved, incentivizing
players to save as many lives as possible. Audio evaluation is
controlled through play and pause buttons, while the arrow nav-
igation buttons allow users to move between levels.

3.2 Live Coding Console
Interacting with a code editor to generate audiovisual output
follows a design lineage found in systems such as Replicube,
Scratch, and EarSketch, where the code editor and its resulting
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audiovisual output are displayed simultaneously within a sin-
gle interface. Although presented in separate panels, both the
symbolic code and its visual and sonic e�ects remain visible at
all times, allowing users to directly compare their edits with the
resulting behavior [7, 9, 27].

Users interact with a browser-based code editor that supports
continuous editing, evaluation, and syntax highlighting of live-
coded rhythmic patterns. The editor is built upon Strudel's pat-
tern engine, allowing authored code to be evaluated in real time
and immediately rendered as sound [30]. Strudel is a browser-
based implementation of the TidalCycles approach to live coding,
bringing Tidal's pattern representation, transformations, and
mini-notation into a text-driven environment for encoding and
manipulating musical patterns on the web [16, 30].

Figure 3: Synchronized representations of rhythmic struc-
ture. A highlighted bd (kick drum) event in the Strudel
console corresponds to Mohan landing on the associated
tile in the animation panel.

The decision to use Strudel was motivated by two considera-
tions. First, it provides an authentic and transferable live coding
experience grounded in a system used in contemporary live cod-
ing practice [5]. Second, Strudel's syntax highlighting emphasizes
elements of the code in synchrony with the musical events they
encode. When combined with the real-time animation of the
puzzle layout described above, this creates multiple coordinated
representations of rhythmic structure unfolding together in musi-
cal time. The live-coded patterns evaluated in the console directly
drive Mohan's movement within the animation panel, linking
symbolic input to spatial and auditory feedback, as shown in
Figure 3.

4 Implementation
BeatMohan's Symphony is implemented in JavaScript. The core
game engine couples 2D animation rendered in an HTML5 canvas
with musical events evaluated by Strudel. Strudel evaluates an
entire rhythmic pattern over a �xed duration referred to as a
cycle. A cycle represents one complete iteration of the authored
pattern from its beginning to its end. Users control how quickly
patterns repeat by setting the number of cycles per second.

As Strudel's internal scheduler advances through each cycle, it
queries the pattern and generates time-stamped musical events,
referred to as Haps. Each Hap contains both musical information,
such as the instrument to be triggered, and timing information
indicating when the event should occur. The timing of a Hap is
represented as a phase value ranging between 0 and 1, specifying
the event's relative position within the current cycle, with 1 being
at the completion of a cycle.

Our implementation is intentionally designed to scale across
di�erent animation metaphors and gameplay contexts. By sepa-
rating pattern evaluation from gameplay logic, we can modify
how musical events are mapped to visual elements, rules, and

feedback without changing the underlying live-coding or sched-
uling system. This makes it possible to design entirely new levels
or alternative visual representations while preserving the same
musical timing infrastructure. A demo of the interface can be
found here.1

4.1 Constraining the Musical Domain for
Study

In the current iteration of the system, we deliberately restrict
the musical activity space of BeatMohan's Symphony to drum-
machine�style, grid-based, multi-voice rhythmic pattern con-
struction. Although the underlying live-coding engine can sup-
port a wide range of musical expression, this study focuses specif-
ically on stacked percussive patterns inspired by step sequencers
and 808-style paradigms.

This constraint allows us to design puzzle activities that scaf-
fold writing rhythmic patterns in code and foreground organi-
zational concepts such as timing, repetition, layering, and the
functional roles of percussive elements. Narrowing the domain
in this way limits direct generalization to melodic or more open-
ended live coding practices. However, it enables a more focused
investigation of how learners construct, articulate, and revise
mental models of pattern-based rhythm through interaction with
code, animation, and gameplay constraints.

5 Experience-Centered Activity Design
To engage with the system, we recruited participants with little
to no prior experience authoring rhythmic patterns in code or
producing drum-based beats. Each participant completed a single
session lasting approximately 45�60 minutes.

At the beginning of the session, participants completed a brief
questionnaire about their musical background, adapted from
the Goldsmith Musical Sophistication Index (Goldsmith-MSI)
[17]. This measure was used to contextualize participants' prior
musical experience and situate their interactions with the system
along a broader spectrum of musical engagement.

Participants �rst interacted with a simple web-based drum
sequencer, shown in Figure 4, for approximately three minutes.
The interface re�ects common step-based drum sequencers found
in contemporary music production tools. They were invited to
freely construct rhythmic patterns without additional rules or
imposed constraints. This activity allowed us to observe how par-
ticipants initially approached pattern construction in a sequencer
paradigm, including the assumptions they made, the strategies
they employed, and how they organized rhythmic material prior
to interacting with BeatMohan's Symphony.

Participants then engaged with a �xed sequence of twelve
levels in BeatMohan's Symphony. All participants completed the
same progression to ensure consistency of experience across ses-
sions. Gameplay interactions and audio output were recorded to
document participants' strategies, revisions, and decision-making
processes.

Following gameplay, participants responded to a set of open-
ended re�ection prompts (see Table 1). These prompts invited
them to describe what they learned about rhythmic patterns
during interaction, how they made decisions about rhythm and
pattern placement, and which musical ideas or strategies became
salient through writing rhythmic patterns in code. Questions
were asked in direct reference to participants' gameplay, often
building on observations of their actions or comments during

1Interface Demo
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Figure 4: Web-based drum sequencer, the interface presents
a four-voice, step-based grid (Hi-Hat, Snare, Kick, Open-
Hat) with a 16-step cycle, tempo control, and playback
buttons.

the session. Prompts were adapted conversationally to main-
tain continuity with what participants had already articulated,
rather than delivered as a �xed survey script. The interview was
conducted as a re�ective dialogue to encourage elaboration and
reasoning about their musical and coding choices.

As a concluding activity, participants returned to the same
web-based drum sequencer for approximately three minutes to
construct additional rhythmic patterns. In several sessions, this
second interaction followed immediately after the initial couple
of re�ection questions, allowing participants to articulate their
thinking and then apply those ideas directly within the grid
interface. This ordering enabled us to observe how verbalized
reasoning translated into action and how newly articulated ideas
about rhythm were enacted outside the gameplay context.

5.1 Gameplay Progression and Sca�olding

Figure 5: Tutorial level introducing synchronization be-
tween code evaluation, audio playback, and character
movement.

The tutorial level introduced the relationship between code,
sound, and animation (Figure 5). Participants evaluated a pre-
completed 8-onset pattern and observed how code execution
simultaneously triggered audio playback and Mohan's synchro-
nized traversal across the grid. On-screen instructions directed
attention to editable parameters, syntax highlighting, and tempo
controls.

The second level introduced failure feedback through the lava-
lion obstacle (Figure 6). A single incorrectly placed onset caused
a collision, requiring participants to revise the code according to
the on-screen instruction beneath the comment line. This estab-
lished the core interaction loop of inspecting visual constraints,
editing symbolic rhythm, and re-evaluating the pattern.

Subsequent levels introduced parallel character movement and
multi-layer rhythmic organization. Puzzle 4 introduced unknown
tiles that could resolve as coins, lava-lions, or the goal �ag (Fig-
ure 7). These elements were not visually revealed until evaluation,

(a) Level layout with lava-lion obstacle.

(b) Corresponding code requiring revision.

Figure 6: Early level introducing failure feedback and pat-
tern revision.

Figure 7: Multi-layer level introducing unknown tiles that
resolve during evaluation.

requiring participants to anticipate rhythmic placement rather
than rely solely on visible con�rmation. Combined with a limited
life counter and a running total of collected coins, this design
discouraged random trial-and-error and encouraged deliberate
reasoning about event spacing across the cycle. Participants were
required to anticipate where onsets and rests should occur before
evaluating the pattern. This reasoning became more complex as
the puzzles progressed and expanded to 16 slots per voice.

Figure 8: Multi-layer level introducing repetition operators
in the code editor.

The �nal levels introduced Strudel repetition operators (e.g.,
sd!5 (Figure 8)), shifting from event-by-event counting to more
compact symbolic representation. This progression moved par-
ticipants from direct spatial matching toward more abstract rea-
soning about rhythmic structure. All of our rhythmic patterns
were adapted from Pocket Operations, a curated collection of
drum machine patterns spanning genres including Latin grooves
and hip-hop [32].

The progression described above was intentionally structured
to foreground speci�c aspects of rhythmic organization through
constrained interaction. In the following section, we examine how
participants engaged with these tasks and how their re�ections
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